Abstract The objective of this study was to measure change in obesity prevalence among New York City (NYC) adults from 2004 to 2013-2014 and assess variation across sociodemographic subgroups. We used objectively measured height and weight data from the NYC Health and Nutrition Examination Survey to calculate relative percent change in obesity (≥ 30 kg/m 2 ) between 2004 (n = 1987) and 2013-2014 (n = 1489) among all NYC adults and sociodemographic subgroups. We also examined changes in self-reported proxies for energy imbalance. Estimates were age-standardized and statistical significance was evaluated using two-tailed T tests and multivariable regression (p < 0.05). Between 2004 and 2013-2014, obesity increased from 27.5 to 32.4% (p = 0.01). Prevalence remained stable and high among women (31.2 to 32.8%, p = 0.53), but increased among men (23.4 to 32.0%, p = 0.002), especially among non-Latino White men and men age ≥ 65 years. Black adults had the highest prevalence in 2013-2014 (37.1%) and Asian adults experienced the largest increase (20.1 to 29.2%, p = 0.06), especially Asian women. Foreign-born participants and participants lacking health insurance also had large increases in obesity. We observed increases in eating out and screen time over time and no improvements in physical activity. Our findings show increases in obesity in NYC in the past decade, with important sociodemographic differences.
Introduction
In the USA, the prevalence of obesity among adults significantly increased from 25.3% in 1976-1980 to 33.2% in 2003-2004 [1] [2] [3] [4] , with meaningful differences by race/ethnicity and gender and especially large increases among non-Latino Black women [5] . Later findings from the National Health and Nutrition Examination Survey (NHANES) revealed that between 2005 and 2014, the prevalence of obesity continued to increase for women only, regardless of race/ethnicity, but remained stable for men [2] . As obesity is linked to adverse health outcomes, including hypertension, diabetes, heart disease, stroke, and cancer [2, 6, 7] , monitoring obesity is critical in shaping national and local prevention strategies [8] .
The risk factors for obesity are multi-factorial and likely involve an interplay of genetics, environmental factors, social determinants, and lifestyle factors [9] . The literature suggests that several proxies for energy imbalance-such as sedentary behavior, inadequate physical activity, low fruit and vegetable intake, high eating out frequency, and excess total energy intakemay be linked to obesity [10] [11] [12] [13] [14] , but results are highly mixed and inconsistent [15, 16] . Results from analyses of NHANES data have shown improvements in some of these indicators and worsening in others. For example, diet quality score (i.e., a diet pattern where higher score predicts lower cardiovascular disease risk) increased slightly and mean energy intake decreased between 1999 and 2012 [17] [18] [19] , yet sedentary behaviors and the proportion of adults reporting no leisure-time physical activity increased [20] . In contrast, intake of total fruits and vegetables did not significantly change over this time period, and improvements in self-reported diet behaviors and leisure-time physical activity were not observed for racial and ethnic subgroups (e.g., nonLatino Black and Mexican American adults) [17] . These findings underscore the importance of collecting surveillance data, which can be used to track multiple components of obesity risk, including diet, physical activity, and sedentary behaviors.
National trends in obesity and associated risk factors are carefully tracked by population-based health surveys using objective measures, such as NHANES, but most state and local jurisdictions have limited data to monitor change over time, at best having self-reported height and weight data from telephone surveys. In New York City (NYC), a number of major initiatives to improve population health surveillance of chronic diseases and risk factors were launched in the past decade, with an aim to guide decision-making and evaluate progress achieved. As part of its monitoring and surveillance portfolio, the NYC Health Department launched the New York City Health and Nutrition Examination Survey (NYC HANES) in 2004, a population-based interview and physical exam survey with similar methods, labs, and standards as NHANES. In 2013-2014, a second NYC HANES was performed as an academic-government partnership, providing an opportunity to examine objectively measured changes in obesity prevalence at the municipal level in the context of local initiatives. During this time interval, a number of policies, programs, and educational campaigns were implemented in NYC to promote healthy living. Examples include calorie labeling in chain restaurants, zoning and tax incentives for supermarket creation and expansion (i.e., FRESH program), NYC Agency Food Standards, improvements in cycling infrastructure [21] , the Shape Up NYC fitness program [22] , and the increase in the number of farmer's markets accepting Health Bucks [23] .
Here, we describe changes in prevalence of obesity in NYC adults from 2004 to 2013-2014 using objective measures of height and weight collected from the NYC HANES survey. We examined changes in the distribution of obesity, BMI, and diet, physical activity, and screen time behaviors in NYC adults over the past 10 years, during which several interventions to support healthy living were implemented. We compared changes in obesity prevalence in NYC to corresponding changes at the national level using data from NHANES 2003-2004 and 2011-2012 . We also examined local and national changes in obesity prevalence and physical activity behaviors within gender and racial/ethnic subgroups.
Methods

Study Sample
We used data from NYC HANES, a populationb a s e d , c r o s s -s e c t i o n a l s u r v e y o f n o ninstitutionalized adult NYC residents (aged 20 years or older) [24, 25] . A three-stage cluster household sampling plan was used to obtain representative citywide estimates of health status indicators, including body mass index (BMI) and diet and physical activity behaviors. Data collection for study participants consisted of three components: a twopart interview, a brief physical examination, and a biologic specimen collection. Overall response rates were 55% (n = 1999) and 36% (n = 1527) in 2004 and 2013-2014, respectively. Participants with valid height and weight measurements were included in the current study, for final sample sizes of 1987 and 1489 in 2004 and 2013-2014, respectively. More information on survey design, study population, and quality of NYC HANES are published elsewhere [24, 25] .
To obtain national estimates of obesity change, we used data from NHANES 2003 NHANES -2004 NHANES and 2011 NHANES -2012 , with a sample size of 10,927 and 7408, respectively, after excluding those without valid height and weight measurements. Comparison of estimates allows us to compare local progress to national secular change in population prevalence of obesity, which can inform policymakers as they tailor their public health strategies.
Outcome Variable
We calculated our outcome variable of obesity (≥ 30 kg/ m 2 ) using height and weight measurements from the physical examination. Based on World Health Organization's recommendations [27] , we used a modified cutoff point of ≥ 27.5 kg/m 2 to categorize obesity for Asian participants. Trained staff collected weight to the nearest 0.1 kg and height to the nearest 0.5 cm, using protocols adapted from the NHANES Medical Examination Component manuals [28] .
Covariates and Secondary Outcomes Sociodemographic characteristics included age, gender, race/ethnicity, foreign-born status, duration of residence in the USA, education (less than high school, high school, some college, college degree, or more), neighborhood poverty level of census tract (0-< 10%, 10-< 20%, 20-< 30%, and 30-100% of population living below the federal poverty line in a census tract), health insurance status, and having a primary care provider.
To capture potential changes in consumption of highcalorie foods away from home and intake of low-calorie, nutrient-dense foods, we included self-reported weekly frequency of eating meals that were prepared in a restaurant and weekly intake of fruits and vegetables (times per day) as proxies for diet quality. Total screen time was calculated using responses to questions about how much time the participant spent sitting and watching TV or videos or using a computer outside of work. Using Healthy People 2020, participants were defined as physically active if they reported 150 min of moderate physical activity or 75 min of vigorous physical activity or 150 min of a combination of moderate and vigorous physical activity a week in at least 10 min episodes [29] . All questions related to covariates and secondary outcomes were identical across survey years.
Statistical Analysis
To account for the complex sampling design and nonresponse, we statistically weighted all analyses, readjusting weights to account for missing height and weight values; thus, estimates are representative of the NYC population. We calculated the relative percent change in primary and secondary outcome variables by dividing the observed change in values between survey years (2013-2014 and 2004 ) by the baseline value (2004), and statistical significance of change was tested using a T test with a two-tailed p value < 0.05. Prevalence estimates were age-standardized to the 2000 US population. The primary outcome variable (obesity) was stratified by gender, age, and racial/ ethnic subgroups. We also calculated change in obesity prevalence among foreign-born participants by duration of residence and health insurance status. We examined changes in secondary behavioral outcomes in the overall NYC adult population and by gender and obesity status. We flagged as imprecise and potentially unreliable any estimates with relative standard errors greater than 30%, 95% confidence interval half-widths greater than 10, or sample denominators less than 50. We used the Bproc descript^statement and the Bt_pct^option in SAS 9.4 (SAS Institute Inc., Cary, NC) and SUDAAN version 9.0 (Research Triangle Institute, Research Triangle Park, NC).
In sensitivity analyses, we calculated the relative percent change in obesity without using the modified cut-off point for Asian participants; and we calculated the percent change in physical activity behavior using guidelines from Healthy People 2010, which have stricter criteria for classifying individuals as meeting physical activity recommendations than current guidelines [30] . To determine whether the distribution of BMI in our samples shifted between survey years, we also plotted BMI values at 2004 and 2013-2014 using nonparametric density curves.
To explore whether sociodemographic characteristics and behaviors explained secular changes in obesity prevalence, we constructed two log-binomial regression models to examine the differential magnitude in association between obesity prevalence and survey year, with models either adjusting for (1) age, racial/ethnic origin, foreign-born status, and education, or (2) age, diet, physical activity, and screen time behaviors. The potential for interaction between gender and other variables was assessed but interaction terms lacked statistical significance and were excluded from the final model. We used a change-in-estimate approach to determine the extent to which including these variables in our model accounted for the observed secular change across the two time periods; specifically, we evaluated the magnitude with which inclusion of sociodemographic or behavioral variables in the model changed the survey year beta estimate greater than 10% relative to a crude model [31] .
To compare changes in local and national estimates, we calculated the relative percent change in primary outcome variables between NHANES survey years 2011-2014 and 2001-2004 (the modified cut-off point for Asian participants in NYC HANES was not used to be consistent with NHANES), and tested statistical significance of change using a T test with a two-tailed p value < 0.05. We also compared the relative percent change in leisure-time physical activity using both data sources. However, we acknowledge that a new physical activity questionnaire was introduced in NHANES 2007-2008, so estimates of change at the national level should be interpreted with caution (NYC HANES physical activity questions match baseline NHANES physical activity questions).
Results
Between 2004 and 2013-2014, the age-standardized prevalence of obesity in the NYC adult population increased significantly, from 27.5 to 32.4% (p = 0.01) ( Table 1) In subgroup analyses, observed increases among men were largely concentrated in non-Latino White men, with a 61.6% increase between survey years (p = 0.01). We also observed a statistically significant increase among Asian women (19.8 to 32.7%; p = 0.03). The magnitude and direction of changes were consistent with and without using the modified obesity cut-off point for Asian participants (data not shown). The prevalence of obesity also increased among men age 65 years and older (25.9 to 41.3%; p = 0.04), though the precision is limited due to small sample size.
Increases in obesity prevalence were greatest among adults with no health insurance and among foreign-born participants. The change in obesity among foreign-born participants who were uninsured (20.0 to 33.7%, p = 0.02) was more than twice the increase among foreignborn participants who were insured (24.3 to 31.9%, p = 0.02) (data not shown). We also observed a statistically significant increase in obesity prevalence among those residing in the USA for more than 10 years (26.6 to 34.3%; p = 0.03), but not among those residing in the USA for 10 or fewer years (19.3 to 27.4%; p = 0.15). We did not observe meaningful differences in obesity across levels of neighborhood poverty or educational attainment over time.
We observed several meaningful changes in proxies for energy imbalance among NYC adults over time, including dietary behaviors, physical activity, and screen time ( Table 2) Using Healthy People 2020 guidelines, we did not observe any meaningful changes in the percentage of adults meeting physical activity recommendations (p = 0.71) or the percentage of adults reporting no leisuretime physical activity (p = 0.52). The percentage of NYC adults reporting screen time of 3 or more hours per day increased by 32.3% (p < 0.001). Secular changes in diet, physical activity, and screen time were comparable in magnitude between obese adults and nonobese adults (Appendix Table 4 ).
Adjustment for age, gender, race/ethnicity, foreignborn status, and educational attainment [β = 0.15 (SE = 0.06)] did not meaningfully lower the magnitude of the observed shift in obesity prevalence between survey years, when compared to a model adjusting for age only [β = 0.17 (SE = 0.06)]. However, adjusting for age, diet, physical activity, and screen time behavior accounted for approximately 22.5% of the increase in obesity prevalence [β = 0.13 (SE = 0.07)], compared to the model adjusting for age only.
Compared to the increase in obesity prevalence among NYC adults, change in the prevalence of obesity among adults nationwide was substantially larger (31.5% increase nationally, p < 0.001; and 17.1% increase in NYC, p = 0.02) (Table 3) . Nationally, the increase in obesity was greater for women (34.5%, p < 0.001) than men (28%, p < 0.001). *All estimates were age-standardized to the 2000 US population † Estimate should be interpreted with caution as relative standard error was greater than 30%, 95% confidence interval half-width was greater than 10, or sample denominator was less than 50 shown that BMI from self-reported measures is systematically lower than BMI from objective height and weight measures [32] .
In NYC, we observed increases in obesity for men but not in women, a finding that is inconsistent with the recent national pattern of increased obesity prevalence [2, 33] . We also observed a meaningful increase in obesity among older men, which is corroborated by recent national estimates; however, small sample size limited our ability to confirm the magnitude of change with precision [34] . Relative changes in the diet and physical activity behaviors examined in this paper do not explain the local gender differences between men and women, though differences in other unmeasured factors-such as total energy intake, diet quality, or body composition-may be responsible for the discrepancy. Consistent with national estimates and other studies, Black women in NYC had the highest prevalence of obesity [2, 35] . We also observed increases in obesity among Asian women, a group with a historically low prevalence of obesity. Our findings highlight the potential need to tailor interventions for specific demographic subgroups. In addition to changes in obesity prevalence, our findings show that consumption of fruits and vegetables and frequency of eating out worsened among NYC adults, and sedentary behaviors such as hours spent using a computer and watching TV increased; while, physical activity behavior did not change meaningfully. Further, results from the log-binomial regression model suggest that these proxies for energy balance partially explain the increase in obesity between exam years. Though we lacked data related to total energy intake and additional food groups, these findings may indicate that potentially important changes in energy balance (increases in calories consumed and increases in sedentary behaviors) may have contributed to increases in obesity in NYC over time [11, 15, 36] .
We found that the prevalence of obesity increased by 35.0% for foreign-born adults, and that this increase was largely driven by those residing in the USA for 10 or more years. This is consistent with literature showing that increasing duration of residence in the USA is linked to higher BMI [37] . We also found that the prevalence of obesity increased by 57.4% for those with no health insurance, and a 68.5% increase in obesity for foreign-born adults lacking health insurance (who are more likely to lack health insurance in our sample). This finding is disconcerting because a lack of health insurance could lead to poor management of obesity complications and co-morbidities (e.g., diabetes) among obese individuals, with a potential loss in work-related income, disability, and premature mortality [38, 39] . From this examination survey, it is difficult to determine how a lack of health insurance may impact obesity risk.
While such an association may be driven by underlying socioeconomic differences, lack of health insurance might also be associated with work status and nonstandard work hours, which have been shown to increase risk of non-optimal sleep, greater recreational screen time, worse dietary practices, and depression [40] . Lastly, we found that obesity change did not vary by neighborhood poverty level. While we cannot assess from the data collected in NYC HANES, one possibility is that in addition to neighborhood poverty, factors such as work hours, culture, food options, and preferences may be important. Our study had several limitations, including the lack of longitudinal data on study participants. The crosssectional nature of the study design does not allow us to capture individual change in weight status and obesity risk factors. Although we were able to measure changes in fruit and vegetable intake and eating out frequency at each year, we were not able to investigate changes in energy intake or potential substitution effects via consumption of other food groups and beverages. Further, direct comparisons between local and national physical activity behavior was not possible due to slight differences in physical activity survey questions. Data related to diet, physical activity, and screen time behaviors were also self-reported, potentially introducing imprecision and bias. In addition, geographic data in NHANES were not available in the public-use files, so we were not able to restrict the national sample to urban core areas and compare changes in NYC to changes in other urban areas. Despite these limitations, our study also had several strengths, including using unique, local objective data related to height and weight, allowing us to track the obesity epidemic in NYC.
Our findings show increases in the prevalence of obesity, eating out in restaurants, and sedentary behaviors, as well as decreases in fruit and vegetable consumption, among NYC adults between 2004 and 2013-2014. We observed important differences in trends by gender and race/ethnicity, with relatively larger increases in obesity among men and Asian populations. For NYC men, this rise in obesity was consistent with the national rise in obesity among men during the same time period; whereas, obesity among NYC women remained stable, while the national prevalence increased. Awareness of how obesity and diet, physical activity, and screen time behaviors are changing will assist local policy makers in tracking the impact of efforts to decrease the prevalence of obesity.
Public Health Implications
Obesity prevalence increased in NYC between 2004 and 2013-2014, but less so than observed changes in national prevalence over the same time period. We found that several populations were at greater risk, including non-Latino White men, men age ≥ 65 years older men, Asian adults, Black women, foreign-born adults, and those lacking health insurance coverage. A number of interventions to sustainably support healthy living-which can help prevent diet-related chronic disease, such as type-2 diabetes and hypertension-have been implemented in NYC over the past decade [21, 22] . Whether such efforts contributed to the slower increase in NYC cannot be discerned from these findings. Regardless, it is important to address observed increases in obesity among specific subgroups (e.g., older men, foreign-born adults, those lacking health insurance), potentially with targeted resources. Since it is difficult for adults to lose weight and maintain weight loss [41] , and because a substantial proportion of the NYC population is currently obese, it may take decades before obesity prevalence decreases meaningfully. 
